Objective: To study the impact of negative expectation related to receiving a placebo (the "lessebo effect") on efficacy outcome measures of symptomatic treatments in Parkinson disease (PD).
The use of a placebo is the norm in randomized controlled trials (RCTs) of interventions for conditions for which there is no established standard of care. The rationale to support the use of placebo derives from the need to distinguish the benefit observed in a patient related to the expectation of receiving a potentially beneficial treatment from the effect of the study intervention that relates to its pharmacologic properties. In Parkinson disease (PD), a placebo response has been well-demonstrated. 1 A meta-analysis of RCTs of symptomatic medical therapies conducted in different stages of PD severity found that 18% of patients demonstrated a placebo response as defined by the authors. 1 A possible effect of the use of a placebo in RCTs that has been little studied is the negative expectation it can generate in a study participant, related to the possibility of not receiving the active treatment. This negative expectation, engendered by the possibility of placebo assignment and coined the "lessebo effect," may have an important impact on the measured response to a treatment. 2 With the exception of a small number of studies in psychiatry, [2] [3] [4] [5] [6] this novel concept, alternatively considered a "negative placebo effect," has not been reported in other branches of medicine, including neurology. Our aim was to assess the presence and magnitude of the lessebo effect in PD, and to determine the influence of factors such as demographics, disease characteristics, and study design.
METHODS Study selection. Randomized double-blind placebo-or active-controlled clinical trials of at least 4 weeks' duration for symptomatic treatment of PD were included. Crossover trials were excluded. All pharmacologic interventions investigated for an antiparkinsonian effect in patients with PD were included, regardless of the route of administration. Surgical or physical therapy interventions were excluded. Studies including patients with a concomitant diagnosis of dementia were excluded.
Outcome measure. The mean score change in the motor section of the Unified Parkinson's Disease Rating Scale (mUPDRS) from baseline to the end of treatment was the outcome measure.
Search strategy. A literature search was conducted using the electronic medical databases Medline (1965-November 2012), EMBASE (1974-November 2012), The Cochrane Controlled Trials Register (issue 11, November 2012), Clinical Trials Database of the US NIH (last accessed in November 2012), and published guidelines on the management of PD. [7] [8] [9] [10] [11] [12] [13] [14] We used a broad search strategy using the terms Parkinson* disease, treatment, limited to human studies, clinical trials, guidelines, or reviews. We contacted the authors or sponsors to obtain data not available in the original publications (see Acknowledgment). We also searched assessment reports of the US Food and Drug Administration and European Medicines Agency (November 2012).
Data collection. The unit of observation was a study arm. Year of publication, study design, allocation ratio to placebo and active treatment, intervention, duration of treatment, and outcome measures of the included studies were collected. Data from the original publication as reported were collected for analyses, and when the SD of the mean change between baseline and end of treatment was not available (indicated by # in additional list of references on the Neurology ® Web site at Neurology.org), we estimated this using the baseline and end of treatment SD, allowing for a correlation factor of 0.5. 15 Data analysis. All included studies were assessed for the risk of bias using the Cochrane risk of bias tool. 16 The pooled mean score change in the mUPDRS from baseline to end of treatment across all active treatment study arms, regardless of being used as control group (i.e., an active comparator), was calculated using a randomeffects model with inverse-variance weighting (Der-Simonian and Laird method), 17 as heterogeneity was expected to be high. The index I 2 was used for assessment of heterogeneity and values greater than 50% were considered high. 15 As primary analysis, we stratified the active treatment study arms into 2 groups:
1. Study arms extracted from RCTs using another pharmacologic intervention for PD as control, i.e., active comparator (active-controlled group). 2. Study arms extracted from placebo-controlled RCTs (placebocontrolled group).
As secondary analyses, we further stratified the placebo-controlled group into 2 categories according to the probability of placebo assignment being 50% or less than 50%. We used 2 definitions for this stratification: criterion A-probability of placebo assignment as a function of the number of study arms (i.e., 1 divided by the total number of study arms); criterion B-probability of placebo assignment according to the number of subjects assigned to placebo. For example, a 2-arm study with an allocation ratio of 2:1 (active: placebo) had a probability of placebo allocation of 0.5 using criterion A (2 treatment arms) and 0.33 using criterion B (2:1 allocation). The pooled mean mUPDRS score change in the different strata was compared using a meta-regression mixed-effects model. The same modelling strategy was used to compare patient-level characteristics between active-controlled and placebo-controlled groups. Studylevel characteristics were compared between the 2 groups using the Wilcoxon rank sum test for continuous variables, the x 2 test for binary variables, and the Kruskal-Wallis test for multicategorical (.2 levels) variables. Subgroup analyses were conducted to assess sources of heterogeneity from study-associated factors such as duration of the trial, levodopa equivalent daily dose (LEDD), data analysis according to intention-to-treat principle, and patient or diseaseassociated factors (mean age, median duration of disease, stage of disease [early PD vs PD with motor fluctuations], and baseline mUPDRS score). For stage of disease, early PD was defined as patients in need of symptomatic treatment who were untreated or taking only monoamine oxidase type B inhibitors or amantadine. Continuous variables were dichotomized by the median value except for study duration, which was dichotomized using threshold (12 weeks) determined as clinically meaningful according to the opinion of the investigators (T.A.M., C.M., A.E.L.). Subgroup analyses were conducted with meta-regression modelling using a mixedeffects model and a test for interaction between the subgroup variable and type of control group (active vs placebo). To calculate the LEDD, we used the following conversion factors: bromocriptine dose (310), ropinirole dose (320), pergolide dose (3100), pramipexole dose (3100), cabergoline dose (366.6), piribedil dose (31), dihidro-ergotamine dose (320), rotigotine dose (330). 18 A p value # 0.05 was deemed statistically significant. The statistical analyses were performed using Stata v12.0 (StataCorp, College Station, TX: StataCorp LP).
RESULTS
The initial search identified 249 studies, of which 155 were excluded after assessment of eligibility criteria based on the study title and abstract. By consensus, we decided to exclusively include trials of dopamine agonists (DAs) to ensure a greater degree of homogeneity across studies. Of the 94 studies with DAs, 56 were excluded after reviewing the full-text article (figure 1). Thirty-eight studies (see e-references) met inclusion criteria with a total of 70 study arms of active treatment and 7,831 randomized participants (table e-1). Assessment of risk of bias revealed that the majority of included studies had a low risk of bias (figure e-1). The 70 active treatment study arms were divided into those from studies using an active comparator (active-controlled group, n 5 28, 3,277 patients) and those using a placebo control (placebocontrolled group, n 5 42, 4,554 patients).
The active-controlled group had longer study duration compared with the placebo-controlled group (28.1 6 13.5 vs 19.1 6 9.1 week, p 5 0.007) and were less frequently extracted from RCTs in early PD (8, 28 .6% vs 25, 59.5%, overall p 5 0.039) or with an intention-to-treat type of data analysis (18, 69.2% vs 38, 97.4%, p 5 0.004). The remaining baseline demographic (age, sex), clinical (duration of disease, baseline mUPDRS), and study (LEDD) variables were not statistically different between the 2 groups (table 1) .
Mean score change in the mUPDRS. Primary analysis.
The pooled mean mUPDRS score change from baseline to end of treatment was 6.0 units (95% confidence interval [CI] 5.2, 6.8) in the placebocontrolled group (figure 2A) and 7.6 units (95% CI 6.5, 8.7) in the active-controlled group ( figure 2B) . The between-group difference was 1.6 units (95% CI 0.2, 3.0; p 5 0.023). There was significant heterogeneity in both meta-analyses with an I 2 value of 91% in each. For the subgroup of arms with DA only, the difference between the placebo-controlled group and active-controlled group was 1.4 units (95% CI 0.3; 2.7; p 5 0.044).
Secondary analyses. A difference in the pooled mean mUPDRS score change was found among the different probabilities of placebo assignment (0, ,50%, or 50%) regardless of using criterion A (number of study arms) or criterion B (allocation ratio). Only the difference between the active-controlled group and the group with a probability of ,50% of placebo assignment was significant (1.9 units, 95% CI 0.3, 3.4, p 5 0.017 for criterion A, and 2.18 units, 95% CI 0.51, 3.75, p5 0.023 for criterion B). There was no significant difference between the groups with a probability of placebo assignment of 50% and ,50% (see table e-2).
Patient-and disease-associated factors. The difference in the pooled mean mUPDRS score change between the placebo-and active-controlled groups was significantly greater in studies enrolling participants with early PD than in studies where patients had PD with motor fluctuations (table 2) . There were no significant subgroup effects for age, disease duration, or baseline mUPDRS.
Study-associated factors. The difference in the pooled mean mUPDRS score change between activecontrolled and placebo-controlled groups was significantly larger for studies of #12 weeks in duration than for longer studies (table 2) . There were no significant subgroup effects for type of data analysis or LEDD.
DISCUSSION In these meta-analyses, we have demonstrated that the presence of a placebo arm in RCTs of symptomatic therapy for PD is associated with a reduction in the magnitude of change in the investigator-derived mUPDRS, compared to studies involving only active comparators. Thus, for antiparkinsonian drugs within the same drug class, a study with an active comparator can be associated with a change in the mUPDRS of larger magnitude compared with a placebo-controlled study, other aspects of study design (e.g., blinding, randomization, allocation concealment) and study population being equal. The estimated magnitude of the lessebo effect was 1.60 mUPDRS units across all studies, and as high as 3.3 units for the early PD group, and 4.1 units for the group of studies with duration less than or equal to 12 weeks. A "minimal clinically important difference," i.e., the smallest change perceived and valued by a patient, is reported to be in the range of 1.5 19 to 5.1 20 mUPDRS units in PD. Thus, the lessebo effect is within this clinically relevant range. Within a given clinical trial, it is not known if the lessebo effect has an equal impact on the different arms of the trial. If not, then it would alter the effect size for that study, with resulting implications for trial design (sample size, choice of comparator). Such a change in effect size would also have implications when making judgments of comparative effectiveness of agents by examining differences in magnitude of effect between studies. Expectation of benefit in clinical trials may have several contributors. It is necessary to consider the effect of the expectation of benefit at the baseline of the study (e.g., related to the likelihood of placebo allocation) and the perceived allocation by the patient at the end of the study, the latter reflecting the cumulative patient experience during the trial. Given that the mUPDRS is a physician-rated scale, the attitudes of the physician executing the rating scale could also contribute to the observed difference, if the physician were conditioned by the perceived beliefs of treatment allocation. Understanding the contributions of these factors to the measured outcome will require prospective measurement of expectation of benefit on the part of both patients and physicians at the beginning and end of a trial. Compared with prior studies on the lessebo effect conducted in psychiatry, 2-6 the results are much less dependent on the patient's subjective assessment, since the mUPDRS is a physician-rated assessment of motor function in PD.
Our results support the hypothesis that a physiologic change (e.g., increase in brain dopamine levels leading to a reduction in parkinsonism) can be triggered by the patient's expectation of benefit per se or by a greater motivation in following physician's instructions. As mentioned, the beliefs of the rating physician could also contribute to the observed difference. Along these lines, it would be interesting to assess the presence of the lessebo effect in more subjective or health-related quality of life outcomes measures in PD, such as the experience of daily living sections of the new Movement Disorders Society-UPDRS. 21 Neuroimaging offers potential insights into the brain mechanisms underlying the effects of patient's expectation of benefit in PD and the use of placebo, which relate to the lessebo effect. It has been proposed that the placebo effect is mediated by reward systems. 22 [ 11 C] raclopride PET studies in PD have shown that a placebo response and the expectation of being given an active treatment is associated with the release of endogenous dopamine in the striatum accompanied by an observable improvement in parkinsonian motor function. 23 In light of these findings, we hypothesize that a lessebo effect could be explained by a relative reduction in endogenous dopamine release, when patients with PD participating in a placebo-controlled trial have a dominant expectation of being given an inert substance. We hypothesize that placebo and lessebo effects can even coexist in a patient or in a group of patients participating in a placebo-controlled trial and the prevailing negative or positive expectation of benefit would determine a decrease or increase of cerebral dopamine release and, consequently, the relative influences of each. The results of the subgroup analyses suggest that the lessebo effect is greater in the population of patients with early PD. We found no evidence of a lessebo effect in clinical studies of patients with PD with motor fluctuations. These findings are in striking contrast with the reported increased likelihood of a positive placebo response in patients with motor fluctuations and higher baseline mUPDRS scores. 1 This suggests that the magnitude of the placebo and lessebo effects could change in an inverse manner (table 3) .
We did not identify a difference in the pooled mean mUPDRS score change between the groups with 50% vs ,50% probability of placebo assignment. Different scenarios can explain these results. (1) Only the existence of a placebo arm per se could be the relevant factor for a study participant but not the higher or lower likelihood of being assigned to an active treatment. A study of the impact of placebo assignment in clinical trials in PD showed that patients with PD generally do not retain information on the different likelihoods of placebo allocation: 71% to 100% of patients enrolled in placebo-controlled studies with more than one active arm did not understand their likelihood of placebo allocation, 24 while 90% of patients enrolled in a 2-arm placebo-controlled study understood the 50% likelihood of placebo allocation. This finding is consistent with the lack of association between allocation ratio and the lessebo effect in our study. (2) The lessebo effect could be maximal for intermediate probabilities of placebo allocation. Support for this hypothesis is mixed: [ 11 C] raclopride PET studies in PD report that a placebo response is also maximal for intermediate probabilities of uncertainty of placebo allocation. 25 However, clinical trial data have shown an increased likelihood of a positive placebo response with a higher likelihood of a placebo assignment (50% vs ,50%). 1 (3) We cannot exclude a lack of power as the reason for finding no difference in the magnitude of the lessebo effect for different probabilities of placebo assignment. It is possible that the lessebo effect is also present in other neurologic diseases and medical conditions. To our knowledge, the lessebo effect has only been evaluated in psychiatry 2-6 through meta-analyses and shown to be present. In these studies, the outcomes are intrinsically and strongly biased by patients' subjective impression of benefit. It would be informative to ascertain whether the lessebo effect is present in conditions where, for example, dopaminergic function is not obviously impacted or the placebo response is less frequent or pronounced.
The results of these meta-analyses provide the seeds for future research into the existence and nature of the lessebo effect in PD and other disorders. A metaanalysis of individual patient data would magnify the sample size substantially and overcome the aggregation bias created by pooling mean results at a study level. 26 Other possible avenues of research to prospectively test the validity of our hypotheses could include imaging studies to determine the differential activation of brain areas in the "pessimistic" and "optimistic" study participant. Finally, the attitudes and influences of the evaluating investigator also need to be considered in understanding both the placebo and lessebo effects. Randomly assigning patients with PD to one of Table 2 Subgroup analysis of factors selected a priori related to study design and disease/patient characteristics, and calculated difference of the pooled mean score change in the motor section of the Unified Parkinson's Disease Rating Scale (mUPDRS), between the placebo-controlled and activecontrolled groups, in each strata 2 RCTs of a dopamine agonist, one with an active control (a comparable dopamine agonist) and the other with a placebo control, using raters blinded to the study design, could further help determine the influence of the evaluating investigator. In addition, the implication of the lessebo effect in disease-modifying treatment studies has to be assessed, as these studies routinely use placebo as control.
Overall, our results emphasize the need to consider the existence of a lessebo effect in the design and interpretation of interventional studies in patients with PD and how patient characteristics and study factors can condition its magnitude.
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